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EXECUTIVE SUMMARY

The objectives of this study were to review and analyze current procedures in order to implement
a process for collecting and analyzing weigh-in-motion (WIM) data to ensure an adequate and
accurate representation of vehicles’ weights using Kentucky’s roadways. An extensive review of
literature was conducted and results were summarized. A significant amount of work was done
related to WIM research in the 1990’s and early 2000’s; however, significantly less in recent
years. The review of WIM data collection equipment, practices and procedures indicated that a
range of options are available and used by other agencies. Piezoelectric cable detection systems
were most frequently used and provided adequate accuracy, if attention was given to quality
control in the form of monitoring and calibration.
Other tasks were undertaken to assess Kentucky’s WIM data collection program, which
resulted in the following findings and recommendations.
At least two WIM sites should be available for weight data collection on roadways within
each of the aggregate classes. Where necessary, it is also recommended that additional WIM
sites be installed on coal-haul roads to supplement the aggregate class and functional class
coverage.
Quality control of data being collected at WIM sites could be addressed by increased
automation of the data download and polling of sites to check their status and calibration. Cell
modems installed and evaluated as part of this project were found to be an efficient means of
downloading data from WIM sites with heavy volumes of trucks. Preliminary review of
software to enhance the download and processing of WIM data indicated significant potential for
increased automation and efficiency of the data download and processing.
Consideration should be given to use of static weigh station data (from enforcement sites)
to increase coverage of truck weight monitoring. Kentucky maintains several commercial
vehicle weigh/inspection stations which have the capability of collecting weight data from the
slow speed WIM systems installed in each facility. To utilize this information effectively some
modifications would be necessary to the existing software to produce vehicle data in a useable
format. In addition, cooperative agreements would need to be established with all responsible
parties to facilitate the data transfer. The Cabinet should look for cooperative opportunities to
partner with Vehicle Enforcement to obtain data from currently installed sites and look for
opportunities where new Division of Planning WIM sites might be beneficial for use in Vehicle
Enforcement Activities.
A data collection plan should be initiated to capture sufficient data to develop lengthbased classification factors. Once the data has been collected updated distribution factors could
be developed to convert length based classification data into conventional 13 vehicle classes.
A review and evaluation of new software indicated a potential to increase the efficiency
and accuracy of WIM data download and processing. Based on our review, the utilization of the
VIPER software polling and initial data processing of traffic data appears to be a good
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alternative. It is also recommended that the Cabinet continue to move from conventional analog
data connections toward internet based connections .
The cost-effectiveness of expanded and accurate WIM data collection and the impact on
pavement thickness designs was evaluated. The accuracy of collected WIM data has direct
impact on pavement thickness designs. A change of vehicle weight of 20% can have an impact
of approximately 1-inch on the pavement thickness design. This 1-inch change in pavement
thickness can impact the project cost at the rate of approximately $50,000 per lane mile.
Therefore, accurate vehicle weights are necessary to insure that pavements are neither under
designed, causing premature failures, or overdesigned leading to increased construction costs.
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1.0

BACKGROUND AND OVERVIEW

Weigh-in-motion (WIM) data collection is a process of site selection, equipment installation,
calibration, monitoring, and quality control in order to ensure reliable data. A successful and
effective process requires considerable attention to all phases. The need for improved WIM data
collection procedures was addressed in 2004 with completion of Report KTC-04-12 titled
"Assessment of Data Collection for ESAL Determinations for the Kentucky Transportation
Cabinet, Division of Planning" (1). The primary recommendations were for more attention to be
given to calibration and to the overall monitoring of WIM equipment. Placement or site location
for WIM equipment has also been an issue in terms of highway system coverage and this has
been addressed to some degree with the aggregation of the 12 highway functional classifications
into 6 aggregate classes for data collection and analysis (reference tables are provided in
Appendix A for functional class, aggregate class, truck types, and county names to assist in
understanding report charts and tables).
Strategies to optimize WIM data collection would be of significant benefit to the
Transportation Cabinet, either through improvements to the current procedures using existing
equipment, or with alternative equipment to increase accuracy and reliability.
Traditionally, vehicle weight data has been used primarily for pavement design, bridge
design, highway cost allocation, and to determine the characteristics of vehicles traveling on
roadways. The Federal Highway Administration, in their document titled “Traffic Monitoring
Guide”, cites these uses and other applications of truck weight data (2). Other potential
applications include: 1) development and application of equitable tax structures, 2) determination
of the need for and success of weight law enforcement actions, 3) determination of the need for
geometric improvements related to vehicle size, weight, and speed, 4) determination of the
economic value of freight being moved on roadways, and 5) determination of the need for and
effect of appropriate safety improvements.
The use of weight data, in combination with vehicle classification and traffic volume
data, has been an integral component in the procedure for estimating equivalent single-axle loads
(ESALs) for many years. Earlier use of static weight data has now been exclusively replaced
with WIM equipment. The Transportation Center has had significant involvement with the
process of analyzing weight, classification, and volume data to estimate ESALs. The current
ESAL estimating procedure was developed in 1985 (3), and has been modified and updated
several times over the years. Recent issues with equipment and data accuracy have created an
increased level of awareness of the equipment sensitivity and associated problems.
The objectives of this study were to review and analyze current procedures in order to
implement a process for collecting and analyzing weigh-in-motion (WIM) data to ensure an
adequate and accurate representation of weights of vehicles using Kentucky’s roadways. It is
anticipated that of the recommendations contained in this document regarding the Transportation
Cabinet’s weight data collection program have the potential to result in improvements in the
accuracy, efficiency, and overall quality.
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2.0

REVIEW OF WIM EQUIPMENT, PRACTICES AND PROCEDURES

As previously noted, the Federal Highway Administration’s guidance for truck weight data
collection as described in their document titled “Traffic Monitoring Guide” includes multiple
potential uses of the data (2). This wide range of usage indicates the importance of truck weight
data collection and analysis, as well as attention required to ensure quality and representative
quantities of data. This review is a summary of WIM practices and procedures outside the state
of Kentucky. It is intended to highlight WIM calibration methods and WIM equipment. The
practices of several other states and some in Europe were examined. Available WIM equipment,
data collection hardware, data collection software, calibration methods, and current WIM
research are also examined.
Piezoelectric (piezo) WIM sensors using quartz piezos, as compared to polymer piezos,
were found to produce more accurate data, required less maintenance, and were more stable in
their placement in the pavement. However, the quartz piezos were found to be more expensive
and were more difficult to install than polymer piezos (4). For enforcement activities where
higher accuracy weight measurements are desirable, a more accurate system such as bending
plate sensors or single-load cell sensors would yield superior results (4).
Among the manufacturers of WIM equipment with capabilities to collect weight data are
Traffic Data Collection (TDC), Mettler Toledo, and International Road Dynamics (IRD). TDC’s
Hi-Trac series was designed specifically for WIM measurements and traffic counting
applications and also offers expandability. Other companies such as Mettler Toledo and
International Road Dynamics offer similar and capable data collection hardware.
Several calibration methods were identified during this review. Of the most efficient and
effective, auto-calibration using advanced features in WIM software seemed to be preferred.
A typical methodology is to first verify speed and axle calibration, then make a given number of
passes in a standardized truck at preselected speeds before creating a calibration factor. The
more passes made by the truck, the more accurate the calibration factor will be. The gross
vehicle weight (GVW) measurement from the WIM sensor is then plotted with a known static
weight versus speed to determine GVW error. The objective is to have the GVW error as close
to zero as possible. This depends a great deal on the type of WIM sensors being used, the
condition of the pavement, and the efficiency of the calibration procedure.
2.1

WIM Equipment

An assessment of the economics and performance of WIM technology was performed by
Bushman and Pratt in 1998 (4). A summary of their assessment for the three traditional WIM
technologies is presented below.
Piezoelectric Sensor—The piezoelectric sensor is the most commonly used sensing
device for weigh-in-motion equipment. It is placed in the pavement and emits an electrical pulse
that is equivalent to the deformation of the pavement caused by the vehicle’s weight. A properly
installed and properly calibrated piezoelectric sensor can be accurate to within 15% of vehicles
actual weight for 95% of the vehicles that pass over the sensor. Piezoelectric sensors are
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available in a variety of configurations, some being installed directly into the pavement and
others which may be encased in an aluminum channel which is installed in the roadway. Both
can perform adequately if properly installed and maintained.
Bending Plate— A bending scale is comprised of two adjacent steel plates (each which
are 2 feet long and 6 feet wide). The scales work on a system of strain measurement based on
the tire load from a passing vehicle being transmitted to strain sensors below the plates. As with
the piezoelectric sensor, two bending plates can be placed a distance apart to determine velocity
as well as give two sets of data to help narrow margin of error in weight measurement. A
properly installed and properly calibrated bending plate scale system can be accurate to
determine weight within 10% of actual weight for 95% of the vehicles that pass over the sensor.
Single-Load Cell—Much like the bending plate scale system, the single-load cell uses
two adjacent steel plates, each of which are 6 feet wide. The single-load cell system uses a
single hydraulic load cell that is installed in the center of each platform and is used to determine
tire load. Again, speed can be determined by installing these plates a distance apart as well as
offering two weigh-in-motion data collection points at a single location. A properly installed and
properly calibrated single-load cell weigh in motion system can be accurate to within 6% of the
actual vehicles weight for 95% of the vehicles that pass over the sensor.
2.2

Calibration of WIM Equipment

Field calibration of WIM systems was addressed as part of NCHRP Project 20-07 and also
summarized by Carson in a briefing for the AASHTO Standing Committee on Highways (6).
The process involved using vehicles of a known static weight and configuration, or a random
sample of vehicles from the traffic stream to determine a calibration factor by measuring with
both a WIM system and a static scale. A mean difference is determined between the
measurements of the WIM system and the static scale or known static weight, and then the WIM
system is adjusted until the mean difference is equal to zero. As part of the Long Term
Pavement Performance (LTPP) Program, field calibration was recommended to be completed at
least twice per year on all permanent WIM systems.
Many auto calibration techniques are also offered by equipment vendors that compensate
and accommodate for changing weather conditions, known vehicle conditions, and/or WIM
system limitations. Of primary concern are climatological conditions that alter WIM sensor
behavior and lead to data inaccuracies if not compensated for by the WIM system. As the
pavement temperature surrounding the WIM sensor increases and decreases the sensor’s
response to external stimuli also changes resulting in fluctuating weight records. An auto
calibration feature is designed to minimize wide fluctuations in the sensor’s response and the
resultant weight. One method to compensate for these weight changes due to temperature is to
install a thermocouple in the pavement to monitor temperature. The temperature sensing device
is typically installed in the same slot and near the end of the piezos. It is then connected to the
controller as a primary piezo sensor. Auto calibration then is carried out in accordance with the
pavement temperature. However, there is no standard practice for placement of the
thermocouple and the effectiveness of the method to compensate for effects of pavement
temperature changes on weight records may be limited.
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Another method to compensate for changes in pavement temperature is to use the
functionality of the WIM data collector. For example, the PEEK ADR 2000 used at Kentucky’s
WIM data collection sites has an auto calibration feature that monitors the front axle weight of
the target vehicle to make adjustments to the controller’s base factors. The PEEK ADR 2000
auto calibration routine is designed to examine the front-axle weight of the target vehicle per
lane and make changes to the controller’s base factor settings based on the data collected and
analyzed that will accommodate changes in weights. The WIM data collector can be configured
to auto calibrate after the passage of a fixed number of the target vehicles. The target vehicle is
generally determined by utilizing classification data for the site and selecting the vehicle class
that will result in the desired auto calibration frequency; typically every 30 minutes. The frontaxle weight of the target vehicle is established during the on-site WIM calibration procedure.
The calibrated weight for the target vehicle is equated to an initial base factor of 1.0. Auto
calibration utilizes the base factor to modify weight readings so that the axle weight of the target
vehicle is near the weight established during the calibration procedure.
It was noted in the same report by Carson that enforcement officials in France and the
Netherlands use a continuous, on-going calibration method to ensure an adequate level of WIM
system performance (6). This procedure uses static axle weights obtained at weigh stations
during scheduled enforcement activities and directly compares them to the axle weight records
collected at each of the WIM stations for the same vehicle classification. If there is an unsuitable
level of error detected, then some form of remedial action is taken, typically WIM system
calibration. As a supplement to continuous calibration of the WIM system, Netherland officials
issue a quality assurance statement to ensure incoming data is suitable. The statement would
represent the data collected with number of axles measured, the time interval of measure, and a
comparison of the WIM system’s inaccuracy to measured static weights for each data request.
This data filtering would exclude unreasonable speed measurements, unreasonable vehicle length
records, and unreasonable axle weight measurements (6).
In another effort in the Netherlands as part of a public-private partnership, a specifically
designed vehicle has been used to allow calibration of a dynamic measure to be converted into
the true dynamic load (6). This vehicle consists of a three-axle tractor and a five-axle trailer.
Only one of the axles on the trailer is fixed in position, the other four are able to be steered and
lifted. The load on the trailer can be adjusted in given increments using mass pieces within the
trailer. While driving, the dynamic calibration vehicle is capable of measuring the dynamic
forces acting on the WIM system using strain gauges. The inertial influence from the wheels and
braking systems is corrected using accelerometers mounted on each of the axles. Measurements
of the dynamic calibration vehicle are then compared to the data collected by the WIM system
and used to correct errors in the system (6).
State Survey of WIM Calibration Methods – NCHRP Synthesis 386
A comprehensive review and survey of high speed WIM system calibration practices was
performed in 2008 and published as NCHRP Synthesis 386 (5). As part of the preface to this
synthesis, it was noted that “There is an urgent need for ensuring WIM data accuracy” and “This
is accomplished through routine WIM system calibration and periodic WIM data quality
control”. It was acknowledged that the methods and means of accomplishing these tasks varied
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widely between agencies. The tools used to conduct the synthesis study were a review of the
literature and an on-line survey, supplemented by telephone interviews. A significant finding
was differences between state practices and ASTM E1318-02 standard (9).
Among those
primary differences were the following:
• Most agencies used only the Class 9 truck for on-site calibration, as compared to the
ASTM standard’s guidance for using both a Class 9 and Class 5 truck.
• A requirement for the use of test trucks with air-suspension systems on the non-steering
axles was not met.
• Non-conformance with a requirement that subsets of the WIM measurements meet
accuracy tolerances in addition to the entire dataset (an outgrowth of the Long Term
Pavement Performance pooled fund study).
Other significant findings related to state WIM calibration practices were:
• The importance of WIM data quality control was recognized as a supplement to on-site
calibration.
• Static load data for vehicles in the traffic stream was used effectively by some agencies
as a means of calibrating their WIM systems.
• State WIM calibration practices change and institutional knowledge is lost as agency
personnel retire and new managers with different levels of expertise and resources
succeed them.
Results from the survey of states’ calibration methods indicated the following three broad
categories, or combinations thereof; 1) test truck only, 2) traffic trucks only, and 3) traffic data
quality control only. A majority of states perform WIM calibrations at intervals ranging from 6
to 24 months, with most commonly every 12 months. Most agencies used a single Class 9 truck,
some used two Class 9 trucks and others used a Class 5, 6,7, or 10 truck. A large majority
reported considering pavement roughness, but only 25 percent used an objective method, and
only 11 percent used equipment for roughness testing as prescribed by the ASTM standard.
Also, 67 percent reported using speed-specific calibration factors, although several reported
using average values in all speed bins after calibration. The second method involves states’
using traffic stream vehicles of known static weight typically obtained from permanent scales at
truck inspection stations. Most states use this method in response to an indication of drift in the
calibration. The third method is more an indicator of when to calibrate with specific attention to
quality control based monitoring of the traffic stream of vehicle to detect some change in the
calibration. The Class 9 vehicle is usually the target for monitoring of weights or loads, with the
steering axle and some gross vehicle weight characteristic or comparison as the primary factors
to be monitored. Typically, this monitoring is used to identify drift or change in calibration that
then prompts the agency to perform on-site calibration or validation of the system.
There were 68 surveys distributed and responses were received from approximately
three-quarters of the recipients. Results from selected states are summarized below to show
calibration methods as reported in NCHRP Synthesis 386 (5).
Florida:
(Existing WIM systems)
• Use test truck method for manual field calibration.
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• Run preliminary diagnostics to ensure all equipment is functioning properly.
• Use at least one class 9 tractor-trailer with air suspension as test vehicle.
• Truck runs are conducted at pre-selected speeds at which calibration factors are to be
established.
• WIM errors versus speed are plotted for each of the preselected speeds.
• Speed and axle spacing calibrations are conducted during this process if errors are found in
these measurements.
• The calibration trucks are run over the WIM sensors a minimum of two times for each
preselected speed as well as once for every 5 mph increment between the low and high
preselected calibration speeds.
• The GVW error is plotted versus vehicle speed and is then analyzed to determine what
calibration adjustments need to be made in order to reduce the GVW error to zero.
• If initial adjustments are unsatisfactory additional runs are made so that final adjustments
can be made.
• All data and adjustments from field calibration are recorded throughout the process using
communications software.
• This process is performed for each lane with a WIM system in use.
(New WIM systems)
• No preliminary runs need to be made to adjust calibration factors.
• Trucks make a minimum of three runs at each preselected calibration speed as well as three
runs at each 5 mph interval between the high and low preselected calibration speeds.
• This procedure is conducted three times to ensure initial calibration is satisfactory.
• If at any point throughout the process it is necessary to adjust for error in speed or axle
spacing the error must be corrected and the process must start over.
• This process is performed for each lane with a WIM system in use.
California:
• Very similar to the process used by Florida DOT.
Texas:
• Log file is created by the WIM software to monitor and record any and all calibration
events in chronological order throughout the field calibration process.
• Calibration of speed and axle spacing are conducted prior to any weight calibration.
• Initial weight calibration factors are recorded for each preselected speed.
• A minimum of three truck runs are made at each preselected speed of 50, 60, and 70 mph.
(If necessary the preselected speeds of 50 and 60 may be adjusted to be calibrated together
and the preselected speed of 70 may be lowered or raised to meet the speed limit)
• GVW error is plotted versus vehicle speed and used to calculate calibration factors at the
preselected speeds.
• All calibration data is documented and remains for reference in the WIM system cabinet.
Indiana:
• Initial verification that all components of the WIM systems are working properly.
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• Initial truck runs are made to make any speed or axle calibrations prior to weight
calibration.
• Initial calibration factors are made using a single pass of a test truck.
• The test truck WIM data is inserted into a spreadsheet.
• If the GVW WIM measurements are accurate but the front axle weight is not then the
dynamic compensation factor of the WIM system is adjusted.
• The calibration process is concluded when both the GVW and front axle weight
measurements of the test trucks are accurate for 10 consecutive passes at preselected speed
and are within prescribed tolerances.
• The calibration factors are recorded throughout the process and stored in a calibration
database.
Montana:
• Use static scale weight measurements versus the WIM system.
• In accordance with PrePass, static axle loads are obtained for 25 class 9 vehicles for each of
the lanes being monitored using the WIM system.
• Trucks using shifting cargo such as liquid or livestock are excluded.
• The WIM data collected for each of the trucks is compared to the static weight collected
and entered into a spreadsheet used as a one-on-one comparison for calibration evaluation
and GVW error measurement.
• If GVW errors are within 2% and standard deviations are within 6% then no calibration of
the WIM system is necessary.
• However, if GVW error is intolerable then a calibration factor is computed using the data
from the 25 sample vehicles in each lane.
• This new calibration factor is averaged with the old calibration factor and is used to replace
the old calibration factor by remote access.
• The new system calibration is used to verify that the GVW is accurate using a new sample
stream of 15 class 9 trucks.
• If WIM cannot be calibrated to within satisfactory GVW error and standard deviation then a
visual inspection of the site is done in an effort to identify any standing issues with the
sensors, roadway, or software. And if necessary, repairs are made.
New Jersey:
• Use a single 3S2 test truck with air suspension.
• Must have a minimum of five consistent front axle weights and GVWs for each lane
equipped with WIM sensors.
• The average of the minimum five consistent passes is used as the basis of calibration.
• The calibration is then tested by obtaining another five consistent passes to be sure the
GVW error is as close to zero as possible.
• The calibration is satisfactory when WIM front axle weights are within 10% of the static
axle weights and when the WIM GVW is within 5% of the static GVW.
• If the calibration deems unsatisfactory or outside these parameters then the process is
repeated.
• If the second calibration attempt also proves unsuccessful then corrective action is taken to
replace sensors, repair roadway, or both.
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Utah:
• The vendor of the WIM systems performs the calibration twice per year, not the state for
the 15 permanent WIM sites, 9 of which are piezo-electric systems, 6 are point of entry
sites and use load cell systems.
• For the point of entry sites the method used is a comparison between a vehicle’s WIM data
and its static weight, if needed calibration factors are calculated and used to correct the
GVW error to zero.
• Two different vendors supply Utah’s piezo-electric systems, one uses an auto-calibration
feature and the other vendor does not; however, an auto-calibration feature is available.
• PROCESS 1 (Auto-calibration)
• Use of a prescribed Class 9 steer axle vehicle.
• Calibration is performed unattended by the system based on the remote input.
• PROCESS 2 (Manual)
• A biweekly procedure of processing downloaded data, determining calibration factor
adjustments on a steer axle vehicle, and implementing the calibration adjustments.
• Utah DOT recommended that the method of auto-calibration continue to be used but the
installment or repairs of any hardware to the systems using manual calibration be made so
that their auto-calibration features can be utilized.
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2.3

Data Collection

The WIM system must be capable of obtaining an accurate axle weight reading in a very short
period of time. It must also operate within a quick recovery time so that the measurement of one
axle weight does not affect the following measurement. The optimal environment for a WIM
system is a straight and level roadway where the WIM system sits flush with the surface of the
pavement. It has been noted that installing sensors in the roadway eliminated or significantly
reduced the bump that vehicles experience when crossing surface-mounted sensor (4).
Knowledge and experience with vehicle weight shifts and potential influence on accuracy of a
WIM system indicates it is preferable that the sensors be placed in an area of roadway where
minimal acceleration or braking occurs. Another major advantage of installing the sensors flush
to the pavement is that it decreases the impact loads on the sensors themselves. This basically
reduces the wear not only on the sensor, but also on the surrounding pavement.
Augmented WIM systems can be used to help supplement data. The system is comprised
of an inductance loop detector, a weigh pad in each wheel path, and an infrared sensor for each
lane of travel. This allows for the axle and tire weight to be measured as well as the speed and
lateral position of the motor vehicle. The infrared can be used to determine whether the tires are
single or dual as well as determine the wheel base to be used for vehicle class identification.
There are also two thermocouples that are used to measure the air and road temperatures
periodically. This augmented WIM system can be used to measure trends in speed, traffic
volume, single axle loads, tire loads, lateral position, and temperature.
Data Collection Hardware
Traffic Data Collection (TDC)
HI-TRAC TMU4 is a high speed traffic weigh-in-motion and classification system. Information
provided by the manufacturer indicated the TMU4 hardware is the most sophisticated of the HITRAC series offered by TDC, and that other models with slightly lesser features are available.
Features:
 Weigh in motion (WIM) capabilities with automatic vehicle counter and classification
operations
 Ability to classify over 100 unique vehicle types
 Vehicle by vehicle data storage
 Advanced temperature compensation algorithm ensuring accuracy of weight data
 High speed compressed vehicle data transmission at least 10,000 vehicle records per
minute (typically 20,000)
 2 to 16 lane configuration options
 Laptop (USB2); Modem (RS232) ports and Data (RS485) port
 Telemetry output module for data download using mobile telephone network
 Ethernet and TCP/IP interface and FTP Server for client functionality
 4GB flash drive data storage
 Environmental monitoring interfaces

9







Automatic Number Plate Recognition (APNR) and CCTV camera interface and text
insertion
Ethernet 10/100MB
Air quality monitoring interface
Power Supply: 85-264 volts AC current at 47-440 Hz, 12 volt battery (rechargeable
via HI-TRAC TMU boost charge and power supply), or solar panel with battery and
charge regulator.
Uses permanently installed Piezo-electric sensors and inductive loop sensors.

(This hardware is compatible with TDC’s HI-COMM 100 and HI-COMM EZY data
monitoring and collection software. This offers data download, data analysis, real-time vehicle
by vehicle view of incoming data, and report generation and diagnostic.)
Mettler Toledo
Standard use is for roadside weigh stations and with station signs and signals, as well as for high
speed WIM. Mettler Toledo offers WIM hardware including WIM scales and roadside
electronics.
Features:
 Industrial PC with high speed A/D board for accurate reliable weighing at high
speeds.
 Designed for outdoor environments.
 Options for communication between RS-232, 422/485, Ethernet, or fiber optic lines.
 WIM PC can be positioned up to ½ mile away from scale.
International Road Dynamics (IRD)
IRD offers a range of scales and sensors for WIM, including load cell, bending plate, quartz
sensor, and piezoelectric sensor. Electronics include the iSINC, either the ITS Sytem or Lite
ITS System. iSINC performs a broad range of ITS functions, from data collection and webbased traffic monitoring, to weigh-station automation. iSINC can be configured to control
cameras, (license plate readers), message signs, AVI (automatic vehicle identification),
dimension sensors, as well as WIM scales
iSINC WIM features:










Real-time operation and integration
Powerful multi-tasking software
Hardened electronics and weatherproof enclosures
Virtual Weigh Stations
CVISN Preclearance Systems
Traffic Data Collection
Weight Enforcement - WIM and Static Scales
Border Crossing and Bridge Monitoring
Other ITS Applications
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Data Collection Software
Traffic Data Collection (TDC)
HI-COMM 100- Windows software package can be used for traffic data collection and report
generation, as well as extensive diagnostic capabilities. HI-COMM is specifically designed to
interface with TDC’s HI-TRAC series hardware. HI-COMM is available for windows 98, ME,
2000, XP, or NT.
HI-COMM 100 allows stored, compressed data in the HI-TRAC memory to be
downloaded and converted into MS Access, ASCII or WIMNET formats for report generation.
HI-COMM 100 offers a real time view of traffic data, piezo and loop sensor signals and sensor
activation count providing remote diagnostic and fault identification. HI-COMM 100 can be
installed on a desktop computer at any off site location and configured with a task scheduler to
allow the capability to automatically download data from any of the sites equipped with a
modem and landline or GSM modem communication.
Features:
 Multiple Site Connectivity
 Laptop & Modem Connections
 Incident and Event Monitoring
 Real Time View of Traffic Data
 Multi-Language Support Function
 Graphical and Tabular (MS Excel) Reports
 Sensor Waveforms and activation count for fault diagnosis
 Microsoft Access & Excel Output
 ASCII and WIMNET Output
 Quality assurance of reported data
 Statistical & Malfunction Management Reports
International Road Dynamics (IRD)
IRD offers more than one data collection solution, and each of these is Windows compatible.
The iAnalyze program allows for downloading, management, and analysis of the traffic data
collected from traffic counters, classification systems, and WIM systems.
iAnalyze Features:
 Comprehensive set of reports including FHWA Traffic Management Guide (TMG)
standard reports
 Simple data export to Adobe and Microsoft applications including Excel, Access, and
Word
 Logical user-friendly interface with built-in guides for standard tasks
 Multi-language capable
Road Reporter software allows for large amounts of data from a wide range of traffic
instruments to be collected in a single program to allow for editing, report forming, and storing
of the traffic data.
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Road Reporter Features:
(http://www.irdinc.com/products/counters_classifiers/software/road_reporter.php)
 Windows application
 Telemetry capabilities
 Custom report generator
 Complete data editing
 Reads various counters
 Import/Export functions
 Data verification
PEEK VIPER and TOPS
TOPS is a platform which can be used to collect individual traffic counter information and
generate reports in a variety of formats utilized by highway agencies. VIPER is a service-based
software this is meant to automate the data collection from traffic counters, and produce
standardized reports
PEEK VIPER Features
 Drag-and-drop programing to develop auto processing workflow
 Auto-polling through IP, direct communication, or modem
 Auto report generation of PRN files and FHWA TMG files
 Service based system (polling automatically resumes after computer crashes)
 Designed to run stand alone.
2.4

Other WIM Research Activities

A recent research effort in WIM development is the study of multi-sensor weigh-in-motion (MSWIM) systems. This is an attempt to create more accurate WIM measurements by way of
intelligent systems with multiple sensors (5).
Automatic vehicle identification (AVI) WIM calibration is now being examined in the
United States. The AVI WIM calibration works by identifying previously static weighed trucks
at a WIM site as they pass over the sensors. The recorded static weight would then be compared
to the measurement of the WIM sensors and an automatic calibration factor would be created by
the system to correct any error. This is a continuous calibration process and has already been
field tested in Washington State, Oregon, and California on a corridor of I-5 (5).
In Europe, experimentation with an auto calibration truck is being evaluated. The truck
has strain gauges and accelerometers installed on its axles so that the truck’s dynamic load can
be found at any given time interval rather than its static load. Since it is the truck’s dynamic load
acting on the WIM system rather than the truck’s static load, it is expected that the improvement
in determination of a calibration factor will lower the GVW error (5).
Research completed as part of NCHRP Project 3-39(02) addressed on-site evaluation and
calibration of WIM systems (5, 10). The project examined the feasibility of two methods; one
using a combination of test trucks and vehicle simulation models, and the other using traffic
stream vehicles of known static weight equipped with automatic vehicle identification (AVI)
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systems. The first method is a modified version of the vehicle simulation model, VESYM.
Using this calibration method requires three test vehicles- a two axle single unit truck, a three
axle single unit truck, and a five axle combination tractor and trailer truck. Each of these trucks
performs 10 replicate passes over the WIM system at four preselected speeds. The WIM
measurements for each axle are then plotted as a function of speed and it was observed that
individual axles produce very precise weights as a result of repeatable dynamics. However, use
of the simulation program was not successful to predict the magnitude of the dynamic load of
individual axles over the WIM sensors. The vehicle simulation model appeared to be best used
for computing the axle load distribution dynamics at a given WIM site; with a resultant
relationship being formulated between pavement smoothness and WIM errors (5, 10).
A second calibration method was evaluated which used AVI systems to auto-calibrate the
WIM sensors. This calibration method is based on static loads obtained at inspection stations for
trucks equipped with an AVI system. The trucks are then identified by the AVI as they pass over
the WIM system. The data collected by the WIM is compared and auto calibrated to the static
weight that was previously measured.
Field tests were conducted on the I-5 corridor of
Washington State, Oregon, and California using the AVI facilities of the Heavy Vehicle
Electronic License Plate Program (5, 10).
Multi Sensor WIM systems and Artificial Neural Networks (ANN) have been tested as
another method of WIM calibration (5, 11, 12). This approach involved using dynamic vehicle
simulations to model dynamic axle load and use the ANN algorithm to produce static axle loads.
This method has been shown to dramatically increase WIM accuracy, even at locations where
the pavement were rough (5, 11, 12).
2.5

WIM Data Analyst’s Manual -FHWA

A recent effort was undertaken by Quinley under contract with the Federal Highway
Administration to produce a manual that provides information and recommended procedures to
be utilized by an agency’s weigh-in-motion office data analyst to perform validation and quality
control (8). This document is intended to present the WIM data analysts with the necessary
information and guidance to identify missing or invalid WIM data, to determine the cause and
extent of missing or invalid data, and the course of action to correct problems. Basic information
and recommendations are provided for the novice analyst, and more extensive procedures and
guidelines are provided to develop and assist experienced analysts. Within the manual, there was
acknowledgement that the procedures recommended in the manual would require significant
time and effort by the data analyst. This level of effort was justified by also noting that WIM
equipment and systems are costly investments that provide an agency with the capability to
obtain high quality traffic data. It is further cautioned that such high quality data will not be
achievable in the absence of following diligent data quality control and system monitoring
procedures.
As noted, properly calibrated equipment and closely monitored WIM data are important
to the yielding of high quality data. The data must be of particular accuracy to be used as input in
software models, and equipment is capable of reaching those desired accuracies as long as they
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are properly installed and maintained. Individual systems and software procedures may vary, but
quality control is important in the data collection.
When reviewing collected data, there are instances that an analyzer must investigate and
determine a course of action from the information gathered. The tasks of an “office data analyst”
include identifying missing or invalid data and then following with an investigation of that data.
The cause, extent, and a course of action should be determined for each instance of improper
data to correct the problem. The WIM systems should also be monitored for maintenance of
calibration.
Identifying the cause of invalid data is a crucial step in the quality control of WIM data.
There are factors that affect the data that can be fixed and controlled, but also those that are
uncontrollable and can only be maintained. The factors that can be completely controlled for
quality data collection are very important to pay attention to. They include selection of the sites
where the geometry of the road and condition of the pavement are optimal, choosing high
performance equipment and installing it properly, and the regular maintenance of the equipment
and pavement. Factors that can only be somewhat controlled by careful site selection are traffic
characteristics. However, some traffic conditions and characteristics cannot be controlled at all
and those instances may be counted as isolated events. For missing data, the most probable cause
is a power outage of the system’s controller or some form of the system being shut down.

3.0

ASSESSMENT OF WIM DATA COLLECTION PROCESSES AND
PROCEDURES
3.1

Truck Weight Data Collection - Traffic Monitoring Guide

Recommendations for truck weight data collection and other types of traffic data collection have
been prepared by the Federal Highway Administration and are presented in the document titled
“Traffic Monitoring Guide” (2). This document provides guidance for the selection and
distribution of weigh-in-motion data collection sites to adequately represent the flow of trucks
and loads being carried within a state. There is also information presented on data sample size,
data accuracy, and calibration of WIM sites.
Following is a summary of information from the Traffic Monitoring Guide in the form of
direct excerpts (shown in italics) and commentary on the Kentucky WIM data collection
program relative to recommended guidelines.
The truck weight data collection program is based on creating summary axle load distributions that can be
applied with confidence and statistical precision to all roads in a State. The procedure is to group the
State's roads into categories, so that each group experiences freight traffic with reasonably similar
characteristics. Within each of these groups of roads, the State should operate a number of WIM sites.
These sites will be used to identify truck weight patterns that apply to all roads in the group. At least one
of the WIM sites within each group should operate continuously throughout the year to measure seasonal
changes in the loads carried by trucks operating on those roads. Where possible (given budget and
staffing limitations), more than one location within each group should be monitored continuously to
provide more reliable measures of seasonal change.
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Truck weight road groups should be based on a combination of known geographic, industrial, agricultural,
and commercial patterns, along with knowledge of the trucking patterns that occur on specific roads.
Road groups or systems for truck weight data collection should: 1) be easily applied within each State,
and 2) provide a logical means for discriminating between roads that are likely to have very high load
factors and roads that have lower load factors (that is, between roads where most trucks are fully loaded
and roads where a large percentage of trucks are either partially loaded or empty).
Where more detailed information is not available, the initial grouping of roads into truck weight categories
should be based on the percentage of through-trucks that exist on a roadway and distinct geographic
regions within a State that can be associated with specific types of economic activity. The vehicle
classification data provide much information as to what types of trucks are found on which roads. Other
factors that can/should be used to differentiate roads into truck weight groups may include the following:
a)The presence of agricultural products that create specific loading patterns and are carried in specific
types of trucks. For example, wheat growing areas might need to be grouped separately from those that
grow cherries because these two products have different densities, different weights on a truck and
because their harvest and hauling seasons are different.
b)The types of industrial areas, such as resource extraction operations that ship large amounts of
material by truck. For example, coal truck traffic roads may be grouped separately from roads that
experience few coal trucks.
c)The distance over which the trucks are likely to travel. For example, roads where trucks deliver cargo
over long distances across multiple States, or roads with truck travel between cities within a region where
drivers can make a round trip in one day, or roads with truck travel within a general urbanized area where
drivers make multiple trips in a day. Trucks traveling longer distances are more likely to be full, and thus
heavier, than trucks operating within half a day of their base, which are likely to be full leaving their depot
but are often empty when returning.
d)Urban or rural roads, because urban areas often have considerably higher numbers of partially loaded
trucks and trucks that travel empty after unloading at urban destinations. Note that some roads
functionally classified as "rural" that are located between two large cities (say within 300 km or 180 miles
of each other) may experience urban rather than rural trucking patterns because trucks routinely make
day-trips between those cities, traveling full in one direction and empty in the other.

It is apparent from the WIM site selection guidelines offered in the “Traffic Monitoring Guide”
that there is a focus on the need to capture truck travel patterns and loading characteristics.
Special attention should be given to ensuring that geographic areas and resource or agricultural
hauling are monitored. Recommendations are made to group the types of sites to be monitored
as much as practical and focus on quality data collection rather than quantity of data. There is
also discussion of the benefits of WIM data collection at multiple sites rather than focus on
longer periods of data collection at a few sites, with the caveat that at least one site per group be
monitor continuously to understand seasonal variations.
3.2

Kentucky’s WIM Calibration Procedure

Kentucky’s WIM sites typically utilize brass linguini piezoelectric sensors and a PEEK ADR
2000 data collector to collect weigh-in-motion data. The calibration process involves
determining a value for the front axle weight of the selected target vehicle and using the autocalibration feature of the PEEK ADR to adequately compensate for changes in weight readings
due to changes in the pavement temperature. The target vehicle is chosen based on
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characteristics of the traffic stream to ensure sufficient changes are made in the auto-calibration
factor to adequately compensate for environmental changes.
The WIM calibration procedure developed during a previous research study (1) involved
varying the value of the front axle weight of the target vehicle in the PEEK data collector unit
while collecting data from the passage of the calibration truck that has a known weight.
Typically a loaded Type 9, five-axle, 18-wheel truck is most desirable for this purpose.
However, a Type 6, three-axle dump truck is an effective alternative. A Type 6 truck is
generally readily available and the ease and safety of a turnaround for this truck type is far
greater than a Type 9 truck.
The probable value of the front-axle weight of a target vehicle (to be set in the PEEK data
collector) is determined by averaging 10 data points at 3, and preferably 4 selected values of the
target vehicle’s front axle weight. For example, when the target vehicle is a Type 2 vehicle, or
passenger car, 10 data points are collected at each of 4 weights around 2,000 pounds, both above
and below the 2,000-pound value (which is the value that Kentucky’s WIM technicians normally
use as an average weight for the front axle of a Type 2 vehicle). If a Type 9 target vehicle is
utilized for a site, axle-weight data would be collected at values above and below the nominal
weight of 10,000 pounds. These efforts will produce the desired calibration curve from which the
optimum weight of the front axle of the target vehicle is determined.
Plotting the average of 10 weight readings obtained while the target weight of the PEEK
ADR 2000 was varied as described above determines where this linear regression line will
intersect the gross vehicle weight of the calibration vehicle. The average of 10 weight readings
are used to plot a single point on the graph and 3 sets of trials are performed to obtain the 3 data
points. The intersection point is the most likely value for the front axle weight of the target
vehicle and the PEEK 2000 controller is set to reflect this weight. A graphical example of this
process is presented in Figure 1. This figure was reproduced from Research Report KTC-04-15 /
PL4-03-1F (1) and typifies a calibration routine which is described further herein.
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Figure 1. Graphical result of a WIM calibration for a Type 2 target vehicle.
WIM data collection site P-65, located on US27 in Jessamine County, was calibrated to use a
Type 2 vehicle as the target vehicle for the auto-calibration feature of the PEEK 2000 controller.
A Type 9 truck, weighing nearly 60,000 pounds, was used during this calibration exercise. Data
were collected for four, predetermined front-axle weights for the Type 2 target vehicle. The
predetermined front-axle weights at which calibration vehicle data were collected were 1,500,
2,000, 2,500, and 3,500 pounds. The first value at which data are collected was 1,500 pounds.
After setting the front-axle value at which to collect data, a sufficient number of Type 2 vehicles
must traverse the loop-piezo combination to force the PEEK ADR 2000 to auto calibrate to that
weight. Typically the number of target vehicles needed to force the auto calibration routine of
the PEEK ADR 2000 is reduced to five to expedite the calibration process. This number is
changed after the calibration routine.
During this calibration effort, the calibration truck made 10 passes while the PEEK controller
was set at 1,500 pounds and the axle-weight data produced by the truck’s passage were recorded
for both directions, northbound and southbound. The process is repeated for the three additional
front-axle weights after letting the PEEK ADR 2000 auto calibrate at the newly entered weight.
Axle-weight data collected during each pass of the calibration truck are entered into the
calibration worksheet. It can be observed from the graph presented in Figure 1 that the
northbound P-65 WIM station would have a target value of 2,600 pounds for the front-axle
weight of the Type 2 target vehicle while the southbound lane would have a target value of 2,250
pounds. The work sheet for WIM data entry automatically calculates this intersection point and
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informs the users, through the use of a macro equation, of the value at which the front axle
weight of the target vehicle should be set. The WIM calibration worksheet must be used during
the calibration effort. This calibration procedure was found to consistently produce weight
records that fell within +/- 10 percent of the calibration vehicle’s actual gross weight for 95% of
the passes after the probable values of the front-axle weight of a Type 2 vehicle were established.
WIM data collection site P-72, located on I-65 in Bullitt County, was calibrated to use a Type 9
vehicle as the target vehicle for the auto-calibration feature of the PEEK 2000 controller. A
Type 6 truck, weighing only 43,500 pounds was used during this calibration procedure. Data
were collected in each direction for three values of the front-axle weight of the target vehicle.
These values were not predetermined, as in the case of US27, but were established based on the
data returned during the data collection process. Figure 2 illustrates the data collection sheet of
the WIM calibration worksheet. For the northbound direction, data were collected at 10,000,
12,000 and 15,000 pounds. For the southbound driving lane, data were collected at 10,000,
11,000 and 12,000 pounds. After completing the data collection, the front-axle weight value at
which the PEEK 2000 controller is set is determined by running a macro within the Excel WIM
Calibration spreadsheet. The auto-calibration values for a Type 9 target vehicle produced by the
macro are provided on the calibration sheet and were 11,676 and 10,472, respectively for the
northbound and southbound driving lanes. The auto-calibration values set in the PEEK 2000
controller were 11,700 pounds and 10,500 pounds, respectively for the northbound and
southbound driving lanes.
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Figure 2. WIM calibration data collection sheet.
The calibration steps are outlined below:
•
•
•
•
•
•
•

Obtain truck of known weight and configuration.
For auto-calibration purposes, establish target vehicle type.
Establish appropriate trial target values for front axle weights but be flexible enough to
vary these values based on collected data.
Set PEEK ADR 2000 to auto calibrate after the passage of five (5) target vehicles.
Set weight value for the front axle of the target vehicle and let PEEK ADR 2000 auto
calibrate at least once.
Collect data and enter into calibration work sheet.
Modify the value of the front-axle weight of the target vehicle using the PEEK controller.
The auto-calibration feature of the PEEK controller remains on during the calibration
work. Therefore, sufficient numbers of the target vehicles must cross the WIM system in
order for it to auto-calibrate to the newly entered auto-calibration factor.
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•
•
•

Determine front-axle weight of target vehicle from worksheet.
Set auto-calibration factor for the array calibrated using the front-axle weight of target
vehicle established during the calibration routine in the PEEK ADR 2000.
Set auto-calibration feature in PEEK ADR 2000 so that the unit is recalibrating every 30
minutes.

3.3

Functional Class and Aggregate Class Coverage of WIM Sites

In cooperation with KYTC’s Division of Planning, WIM installations were inspected and
calibrated, and varying periods of data were downloaded for the following sites beginning in the
spring of 2011:
• Station P08, US 62, Grayson County
• Station P16, US 25, Grant County
• Station P28, US 42, Trimble County
• Station P37, US 231, Butler County
• Station P72, I-65, Bullitt County
• Station P76, DB/Hal Rogers Parkway, Laurel County
• Station P95, I-264 WB, Jefferson County
Presented in Table 1 below are those seven WIM sites operational as of June 2012, and their
distribution by functional class and aggregate class. In addition, the table shows representation
of existing WIM sites relative to the overall vehicle-miles traveled (VMT) by functional class
and aggregate class. Within the rural categories for example, there are four WIM sites in
Aggregate Class III and only one site each for Aggregate Class I and Aggregate Class II. For the
urban categories, there is one WIM site in Aggregate Class IV and none in Aggregate Classes V
and VI. For a better understanding of the geographic distribution of WIM sites, a Kentucky map
is presented as Figure 3 to show the seven existing WIM sites.
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Table 1. Existing WIM Sites and Representation by Functional Class/Aggregate Class
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Figure 3. Existing WIM Sites – Calibrated Sites and Sites Non-Functional or Uncalibrated
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A plan is underway within KYTC’s Division of Planning to expand the coverage of WIM
sites to other existing automatic traffic recorder (ATR) sites, as well as consideration of
installing WIM sites at new ATR sites. The extent of coverage of potential WIM sites within
each of the aggregate classes and functional classes is show in Table 2. That same information is
presented in another map of Kentucky is presented as Figure 4 and shows the following: 1) the
seven existing WIM calibrated sites, 2) proposed ATR sites with potential to serve also as a
WIM site, 3) existing ATR sites to be rebuilt with potential to also serve as WIM sites, 4) nonfunctioning WIM sites, and 5) WIM sites not calibrated and/or possibly non-functioning.
It is apparent that WIM sites are currently underrepresented in some of the aggregate
classes and functional classes when analyzing the data presented in Table 1 and Figure 3.
Kentucky’s position geographically results in a significant amount of through traffic on
interstates and parkways. In addition, there are unique truck loadings due to coal hauling and
transport of other natural resources and commodities. Considering the variation of traffic by
highway functional class and regional distribution, it would be beneficial to have a
comprehensive system of WIM sites to adequately represent weights of vehicles traveling in
Kentucky. The distribution of existing and potential WIM sites shown in Table 2 and Figure 4
would significantly improve the coverage of WIM sites and resultant weight data for Kentucky’s
roadways. As a minimum, it is recommended that at least two WIM sites be available for weight
data collection on roadways within each of the aggregate classes. At this point, that would
require at least an additional seven WIM sites become functional.
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Table 2. Existing and Potential WIM Sites by Functional Class/Aggregate Class
Aggregate
Classification

I

RURAL

STATUS

WIM STATIONS

Existing
Rebuild
Proposed
Uncalibrated

P-72, P-83
P-47

Existing
Rebuild
Proposed
Uncalibrated

P-53, P-60, P-71, P-76
P-12, P-20, P-55, P-56, P-65, P70, P-77

Existing
Rebuild
Proposed
Uncalibrated

P-24

06 Minor Arterial

07 Major Collector

Existing
Rebuild
Proposed
Uncalibrated

P-08, P-16, P-28, P-34, P-37
P-73

01 Principal Arterial - Interstate

02 Principal Arterial - Other
II

III
08 Minor Collector

Existing
Rebuild
Proposed
Uncalibrated

P-83

P-53, P-60, P-71

P-78, P-79
P-01

P-34
P-19
P-57, P-69, P-81, P-88, I-02

09 Local
Aggregate
Classification

IV

URBAN

11 Principal Arterial - Interstate

STATUS
Existing
Rebuild
Proposed
Uncalibrated

12 Principal Arterial - Other Freeways
and Expressways

Existing
Rebuild
Proposed
Uncalibrated

14 Other Principal Arterial

Existing
Rebuild
Proposed
Uncalibrated

16 Minor Arterial

Existing
Rebuild
Proposed
Uncalibrated

17 Collector

Existing
Rebuild
Proposed
Uncalibrated

V

VI

WIM STATIONS
P-67, P-92, P-94, P-95
P-67, P-92
P-17, P-75
P-61
P-84
I-01, P-59
P-66
P-01
I-03, P-85, P-87, P-89
P-24

P-62, P-82, P-86

19 Local

Warranty
Sites

11 Urban - Interstate

Existing
Existing

I-275, Boone County
I-275, Kenton County

1 Rural Interstate

Existing

I-65, Warren County

24

Figure 4. Existing WIM Sites and Potential WIM Sites
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3.4

Quality Control and Monitoring

Quality control and monitoring of the WIM data is critical to ensure accurate and representative
data from the collection process. Involved are operations of polling the data stations on a
scheduled basis, properly formatting the retrieved data for analysis, providing data storage, and
analyzing the data to determine values for reporting and for maintenance control. A critical part
of performing data retrieval and analyses is establishment of a quality assurance, quality control
program for data management. Weight data and configuration settings obtained from the
monitoring stations should be analyzed on a frequent basis. This analysis can be used to
determine averages of Type 9 front-axle weights and gross vehicle weights. The percentage
differences of the daily averages of the front axle and gross vehicle weights should be examined
and a threshold limit established whereby WIM data will be considered out of expected ranges.
Site data should be flagged and not used for ESAL calculations if the established threshold is
exceeded in either direction. When the WIM data exceeds threshold limits, a “trouble ticket”
should be generated to prompt action to troubleshoot and/or calibrate equipment. Regular desk
side data analyses can provide quality assurance for the collected data. Regular and routine
monitoring of the WIM data collection systems will detect anomalies. A daily or weekly
monitoring program, along with a preventative maintenance program, implemented over the long
term can ensure continued performance of the permanent WIM data collection stations.
Anomalies can be evaluated by comparing the recent averages to the historical average. The
running averages of the front-axle weights will indicate if the WIM system is drifting or may
indicate an equipment problem or roadway issue. It is anticipated that earlier detection of system
anomalies will permit quicker response and repair time and provide shorter downtime for
equipment.
The auto-calibration feature for WIM systems is used as a surrogate for temperature
compensation. If the system is working properly then the auto-calibration procedure should keep
the system within range. If the system is not working properly then it will tend to drift to the
upper or lower ends of the range. In many instances the auto-calibration target is not the front
axle of Type 9 vehicles due to the limited number available. In the initial study to develop the
calibration procedure it was determined that to compensate for temperature the auto-calibration
procedure should occur at least once per hour (1).
For the seven WIM sites previously discussed and shown in Table 1 and Figure 3, front
axle weights of Type 9 trucks (and Type 5 trucks for sites with low volumes of Type 9) were
plotted over time to track the “running averages”. This visual display of information allows
determination of “out of range” data or anomalies resulting from calibration or other equipment
issues. Examples of the graphical displays for the seven current WIM sites are shown in
Appendix B.
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3.5

Quality Control and Pavement Design Impact

Monitoring the quality of the weights measured by WIM systems is extremely important. Many
state agencies utilize the front axle weight of a Type 9 vehicle (combination unit 5-axles)
monitored on a regular basis to determine when weights begin to drift from acceptable ranges
(7). For normal truck traffic the front axle weight should be between 8,000 and 12,000 lbs.
Depending on the truck volume along a roadway this could be done as frequently as daily or at a
minimum of once per week.
The impact of vehicle weight can be significant on the pavement thickness design. A
change of vehicle weights of 20% can have an impact of approximately 1-inch on the pavement
thickness design. This 1-inch change in pavement thickness will impact the project cost at the
rate of approximately $50,000 per lane mile.
As an example of the impact of vehicle overweight is given in Figure 5 below.
It may be seen from this figure relating to overweight trucks that a small change in vehicle
weight has a significant increase in ESAL’s (damage) to the pavement. Therefore, insuring that
WIM data is of sufficient quality will allow for the most efficient use of the available funding
resources for pavement design.
Figure 5. Relationship Between Vehicle Weight and Pavement Damage.
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4.0

COAL-HAUL ROAD ANALYSIS

An analysis was performed to determine if ATR sites maintained by the Division of Planning
were located on coal-haul roads and whether any of those sites would be suitable as potential
WIM installations. A summary of data presented as Table 3 shows the ATR sites in coal
producing or impact counties, along with, functional class, AADT, and coal tons hauled in 2010.
There are six sites which had coal tons hauled in excess of 500,000 tons in 2010. This amount of
coal hauling is ten times the amount required for a road to be classified as part of the ExtendedWeight Coal Haul Road System. All sites are rural principal arterials and all have AADT’s of
8,000 or more. From previous analysis and discussion of WIM site coverage by functional class
and aggregate class, it is apparent that there is presently an absence of sites in the coal hauling
areas of Kentucky. As noted in the FHWA Traffic Monitoring Guide (2), there are
recommendations for emphasis on resource and commodity hauling routes with expected heavy
trucks to be included in the monitoring of weights using WIM equipment. Therefore, increased
monitoring is warranted for routes with significant volumes of trucks hauling Kentucky’s
primary natural resource.

Table 3. Potential WIM Locations on Coal-Haul Roads.

5.0

ATR
No.

County

P12
P18
P31
P40
P56
P70
P77

Pike
Harlan
Bell
Muhlenberg
Floyd
Pike
Lawrence

Route No. Mile Point Functional Class

US 23
US 119
US 25E
TR 9001
KY 114
US 119
US 23

30.3
10.1
18.2
57.1
11
2.3
3.5

02 R- PR Other
02 R- PR Other
02 R- PR Other
02 R- PR Other
02 R- PR Other
02 R- PR Other
02 R- PR Other

AADT

Coal Tons Hauled

23,400
10,400
11,400
9,160
12,200
14,100
8,410

2,700,405
723,076
131,574
554,340
1,179,725
2,962,963
507,361

SUMMARY OF VEHICLE WEIGHT DATA APPLICATIONS AND USAGE

Presented in Figure 6 below is a flow chart showing the steps and processes from WIM data
collection to the end points of applications in the areas of ESAL forecasting and pavement
design. After WIM data is collected from the various sites (only seven sites functional at the
time of this report in the summer of 2012), the data is converted to the FHWA’s Traffic
Monitoring Guide (TMG) format for quarterly submittals to FHWA. The weight data in TMG
format is also one of the primary components (along with vehicle classification data) used to
produce equivalent single-axle load (ESAL) factors, which includes ESALs/axle, axles/truck, as
well as trends in these factors which are used to predict growth rates. These data are
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summarized and reported in the form of an “ESAL Update Report”, which is prepared by the
Kentucky Transportation Center for use by the Transportation Cabinet’s Division of Planning to
assist in their traffic forecasting responsibilities. A specific application of the ESAL estimates is
direct input into the pavement design process as a parameter for determining required thickness.
ESAL factors are also combined with classification data and volume data to produce forecasts
for Superpave mix designs at the individual project level. Therefore, accurate and representative
(by functional and aggregate classes, regional/geographic, ranges of truck types, and loads)
vehicle weight data is critical to the overall process of pavement design.
Kentucky will be adopting the new AASHTO Mechanistic-Empirical Pavement Design
Guide which utilizes traffic data in a slightly different manner than the use of traditional ESAL
factors. The new design guide utilizes vehicle classification distribution data across the 13
vehicle classes along with the total truck volume along a roadway. In addition, it utilizes “Axle
Load Spectra” which are standardized distributions of axle weights across different axle
configurations (single, tandem, tridem, and quad). This information is essentially one step prior
to the current calculation of ESAL factors. In the new AASHTO Mechanistic Emperical
Pavement Design Guide ESAL factors will no longer be used. The new guide required
distribution of axle weights (singles, tandems, tridems, and quads) for each different vehicle
classification. In the current system this information was used to calculate the ESAL factor.
Therefore, vehicle weight data has traditionally been a cornerstone for the processes of
pavement design, and in Kentucky a special use has been input for highway cost allocation. The
Federal Highway Administration, in their document titled “Traffic Monitoring Guide”, cite these
uses and other applications of truck weight data (2). Other potential applications include: 1)
development and application of equitable tax structures, 2) determination of the need for and
success of weight law enforcement actions, 3) determination of the need for geometric
improvements related to vehicle size, weight, and speed, 4) determination of the economic value
of freight being moved on roadways, and 5) determination of the need for and effect of
appropriate safety improvements.
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Figure 6. WIM Data Applications and Usage

6.0

FEASIBILITY OF OBTAINING STATIC WEIGH STATION DATA

The Kentucky Transportation Cabinet owns 14 commercial vehicle weigh/inspection stations
located across the state, but the Kentucky State Police, Division of Commercial Vehicle
Enforcement operates these stations. The stations are located primarily along interstates but
there are facilities on US routes as well. Of these 14 stations, 9 are considered to be super
stations in that they provide facilities that incorporate weigh-in-motion devices located on the
approach ramp to the station to sort commercial vehicles to a through lane or to a static scale
lane. Eight of the nine super stations are located on interstates. The remaining station is located
on US 41 in Henderson County.
The ramp weigh-in-motion scales are Mettler Toledo slow speed devices that sort
commercial vehicles based on axle and gross weights. The Mettler Toledo system also randomly
directs trucks to the static scale in order to keep the ramp weigh-in-motion system in calibration.
Operating the Mettler Toledo system using the sorting function allows the system to utilize the
static scale weights of the randomly selected vehicles to develop and optimize calibration factors
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for the ramp weigh-in-motion device by communicating the static weight for the selected vehicle
to the WIM scale device. The randomness of the selection is a configurable parameter but is
typically set to five percent of the traffic stream.
During the course of this study, the KTC made inquiries to the Mettler Toledo agent
responsible for the ramp WIM and static scales in Kentucky’s commercial vehicle
weigh/inspection stations about capturing data from these devices. Preferably, the WIM scale
data would represent an ideal sampling of truck weights. WIM data are more preferable because
you’re sampling the stream and obtaining axle weights, axle spacings and classifications.
Typically static weights are obtained for vehicles that are overweight or very close to being over
axle or gross weight, trucks that may have missed the scale, or randomly selected. Therfore,
static weights, while useful to determine overweights, do not provide the WIM data analyzer
with the axle spacings or vehicle classifications. WIM data would also be preferred so that
actual axle weights are determined as needed for the new ASSHTO Design Guide. It was
determined the WIM scale data could be made available to the Division of Planning but requires
a software upgrade to archive and provide electronic copies of the data. The effort would also
require a technician to travel to each of these stations to perform on-site software enhancements
and have remote support from corporate headquarters. The cost to implement this solution was
estimated to be $2,000 per station. Another issue in obtaining the WIM data from these systems
is the fact that the Mettler Toledo systems are not on the Cabinet’s network and are only
accessible through a dial-up modem.
Issues with the WIM weights from weigh stations may include the accuracy of the WIM
data. As indicated previously, the Mettler Toledo WIM system uses randomly selected
commercial vehicles to calibrate the WIM based on the static scale weight of the truck.
However, if operationally, the WIM system is placed in an “All Bypass” mode where all trucks
are directed to the through lane, then there are no trucks weighed randomly to provide the
feedback necessary to calibrate the scale. Oftentimes, this operational scenario is in practice.
This operational scenario also precludes the possibility of an overweight truck being cited as that
truck also is directed to the through lane.
Four (4) of the remaining five (5) commercial vehicle weigh/inspection stations have a
different configuration. These stations have only a single lane and all trucks must pass over a
slow, roll-over static scale. The data from these stations could be used but the technologies are
so old that data cannot be archived and retrieved from these systems. The fifth station, in Floyd
County along US23 has sorting capabilities but the system was built with slow, roll-over scales
and computer systems removed from stations that were closed in Rowan and Hardin Counties.
As such, the Floyd County system cannot archive and report weight data either.
In summary, the WIM data from nine of Kentucky’s commercial vehicle
weigh/inspection stations are available at an annual cost per station. Obtaining the data would
require that someone either dialed into the Mettler Toledo system to download the data or visit
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the station to get the data. Due to the way these systems are generally operated, the quality of
the WIM data from a weigh/inspection station may be no more reliable than that obtained from a
Division of Planning WIM station which uses significantly less sophisticated equipment, but at a
lower cost. If the Division of Planning chose to invest in the software required to archive and
report WIM scale data, procedures would have to be put in place to ensure that the sorting
function, which permits auto-calibration of the WIM scale, is operational at all times.
7.0
SUMMARY OF ISSUES RELATED TO LENGTH-BASED CLASSIFICATION
FACTORS
Length based classification is a means to collect vehicle classification data using only traffic
loops to determine overall vehicle length. Typically these lengths are then used to develop
traditional FHWA Scheme F, 13 vehicle classes. More than 10 years ago, Kentucky
Transportation Center researchers developed a method was to take data collected in various
length bins and convert them to the standard Scheme F classes (unpublished). These conversion
factors were developed for various roadway functional classifications. The original length based
classification procedure was developed using the following length bins.
<25'
25'-50'
50'-55'
>55
Due to the limited amount of data available at that time, tables for all functional classes were not
developed. The lack of data was due to the types of equipment available at that time. The initial
work was done using axle spacing provided by WIM data and then adjustments were made to
account for the bumper-to-bumper length measured by loops.
Conversion factors were developed for these length bins to convert to the conventional 13
vehicle classifications. In the previous work, these conversion tables were developed for the
following functional classes: 01, 02, 11, 12, and 17. A listing of these conversion factors is
given in Appendix C. Once these factors were developed, the Transportation Cabinet
determined they would utilize the conversion factors obtained for Functional Class 01 for all
functional classes.

It is our understanding that the current PEEK data collection equipment installed with
both conventional loop detectors and axle sensors can collect both conventional classification
data and vehicle length simultaneously. It was discussed during the project that existing ATR
stations could be configured to collect the data necessary to update the conversion tables.
Unfortunately, due to limitations in configuring the ATR stations to collect this type of data, the
update was not completed.
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8.0

REVIEW OF SOFTWARE APPLICATIONS RELATED TO WIM DATA

As part of this project the Transportation Center staff worked with PEEK Traffic to conduct
hands-on training of the TOPS software to facilitate its use within the Transportation Cabinet.
PEEK also provided additional information regarding their new software VIPER for site polling
and data reduction. The Center did not fully evaluate its effectiveness in downloading and
processing WIM data. PEEK did provide a VIPER demonstration in the spring of 2012 to both
KYTC and KTC.
After the VIPER demo KTC was able to see the potential benefits of the VIPER software
and utilize it on a limited basis. A complete review was not completed
There are differences between TOPS and the VIPER software that could be of benefit to
KYTC’s WIM data collection and analysis. TOPS is a platform which can be used to collect
individual traffic counter information and generate reports in a variety of formats utilized by
highway agencies. VIPER is a service-based software this is meant to automate the data
collection from traffic counters, and produce standardized reports
PEEK VIPER Features
 Drag-and-drop programing to develop auto processing workflow
 Auto-polling through IP, direct communication, or modem
 Auto report generation of PRN files and FHWA TMG files
 Service based system (polling automatically resumes after computer crashes)
 Designed to run stand alone.
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9.0

SUMMARY AND RECOMMENDATIONS

The objectives of this study were to review and analyze current procedures in order to implement
a process for collecting and analyzing weigh-in-motion (WIM) data to ensure an adequate and
accurate representation of weights for vehicles using Kentucky’s roadways. A literature review
of WIM data collection equipment, practices and procedures indicated that a range of options are
available and used by other agencies. An assessment of Kentucky’s WIM data collection
program resulted in the following findings and recommendations.
1. Kentucky’s present WIM data collection program is capturing minimum data and
presently there are only seven functional sites. Considering the variation of
traffic by highway functional class and regional distribution, it would be
beneficial to have a comprehensive system of WIM sites to adequately represent
weights of vehicles traveling in Kentucky. The distribution of existing and
potential WIM sites shown in Table 2 and Figure 4 would significantly improve
the coverage of WIM sites and resultant weight data for Kentucky’s roadways.
As a minimum, it is recommended that at least two WIM sites be available for
weight data collection on roadways within each of the aggregate classes. Where
necessary, it is also recommended that additional WIM sites be installed on coalhaul roads to supplement the aggregate class and functional class coverage.
2. Quality control of data being collected at WIM sites requires frequent attention to
ensure accurate and representative data. This task could be addressed by
increased automation of the data download and polling of sites to check their
status and calibration. Cell modems installed and evaluated as part of this project
were found to be an efficient means of downloading data from WIM sites with
heavy volumes of trucks. Preliminary review of software to enhance the
download and processing of WIM data indicated significant potential increased
automation and efficiency of the data download and processing.
3. Kentucky maintains several commercial vehicle weigh/inspection stations which
have the capability of collecting weight data from the slow speed WIM systems
installed in the facility. To utilize this information effectively some modifications
would be necessary to the existing software to produce vehicle data in a useable
format. In addition, cooperative agreements would need to be established with all
responsible parties to facilitate the data transfer. The Cabinet should look for
cooperative opportunities to partner with Vehicle Enforcement to obtain data from
currently installed sites and look for opportunities where new Division of
Planning WIM sites might be beneficial for use in Vehicle Enforcement
Activities.
4. The length based classification factors were developed several years ago.
Equipment available today should be utilized to collect data across a minimum of
5 sites within each functional classification represented by Kentucky’s ATR data
collection program. In functional classes which are underrepresented, portable
counters should be utilized to collect additional data. Once the data has been
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collected, updated distribution factors could be developed to convert length based
classification data into conventional 13 vehicle classes.
5. The utilization of the VIPER software polling and initial data processing of traffic
data appears to be a good alternative to current data collecting and processing
practices. It provides an automated method to produce FHWA TMG files
automatically as the data is downloaded. These files can then be used for quality
control and monitoring of the WIM systems and subsequent submission to FHWA
and the Kentucky Transportation Center for further processing. The Cabinet
should also continue to move from conventional analog data connections, toward
internet based connections either through conventional hard wired internet
connections, or utilization of cellular internet capabilities.
6.

The accuracy of collected WIM data has direct impact on pavement thickness
designs. A change of vehicle weight of 20% can have an impact of approximately
1-inch on the pavement thickness design. This 1-inch change in pavement
thickness can impact the project cost at the rate of approximately $50,000 per lane
mile. Therefore, accurate vehicle weights are necessary to insure that pavements
are neither under designed, causing premature failures, or overdesigned leading to
increased construction costs.
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APPENDIX A
Definitions and Reference Tables
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Functional Classifications
Rural:
01 Principal Arterial – Interstate
02 Principal Arterial – Other
06 Minor Arterial
07 Major Collector
08 Minor Collector
09 Local

Urban:
11 Principal Arterial – Interstate
12 Principal Arterial – Other Freeways and Expressways
14 Other Principal Arterial
16 Minor Arterial
17 Collectors
19 Local

Aggregate ESAL Groups
Rural:
I FC 1
II FC 2 and 6
III FC 7, 8, and 9

Urban
IV FC 11
V FC 12 and 14
VI FC 16, 17, and 19
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No.
1
2
3
4
5

County
Adair
Allen
Anderson
Ballard
Barren

No.
41
42
43
44
45

County
Grant
Graves
Grayson
Green
Greenup

No.
81
82
83
84
85

County
Mason
Meade
Menifee
Mercer
Metcalfe

6
7
8
9
10

Bath
Bell
Boone
Bourbon
Boyd

46
47
48
49
50

Hancock
Hardin
Harlan
Harrison
Hart

86
87
88
89
90

Monroe
Montgomery
Morgan
Muhlenburg
Nelson

11
12
13
14
15

Boyle
Bracken
Breathitt
Breckinridge
Bullitt

51
52
53
54
55

Henderson
Henry
Hickman
Hopkins
Jackson

91
92
93
94
95

Nicholas
Ohio
Oldham
Owen
Owsley

16
17
18
19
20

Butler
Caldwell
Calloway
Campbell
Carlisle

56
57
58
59
60

Jefferson
Jessamine
Johnson
Kenton
Knott

96
97
98
99
100

Pendleton
Perry
Pike
Powell
Pulaski

21
22
23
24
25

Carroll
Carter
Casey
Christian
Clark

61
62
63
64
65

Knox
Larue
Laurel
Lawrence
Lee

101
102
103
104
105

Robertson
Rockcastle
Rowan
Russell
Scott

26
27
28
29
30

Clay
Clinton
Crittenden
Cumberland
Daviess

66
67
68
69
70

Leslie
Letcher
Lewis
Lincoln
Livingston

106
107
108
109
110

Shelby
Simpson
Spencer
Taylor
Todd

31
32
33
34
35

Edmonson
Elliott
Estill
Fayette
Fleming

71
72
73
74
75

Logan
Lyon
McCracken
McCreary
McLean

111
112
113
114
115

Trigg
Trimble
Union
Warren
Washington

36
37
38
39
40

Floyd
Franklin
Fulton
Gallatin
Garrard

76
77
78
79
80

Madison
Magoffin
Marion
Marshall
Martin

116
117
118
119
120

Wayne
Webster
Whitley
Wolfe
Woodford
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APPENDIX B
Front Axle Weight Monitoring – Data and Time Graphs

41

42

43

44

45

46

47

48

APPENDIX C
Length Based Equivalence Tables
Functional Class 01

Functional Class 11

Vehicle Length (feet)
Vehicle
Classification
VC 1
VC 2
VC 3
VC 4
VC 5
VC 6
VC 7
VC 8
VC 9
VC 10
VC 11
VC 12
VC 13

<25
25-50
50-55
Distribution of Vehicles (%)
0.27
0.00
0.00
89.70
22.37
0.00
10.03
15.54
0.00
0.00
17.50
2.47
0.00
11.53
3.03
0.00
4.35
2.97
0.00
0.43
0.67
0.00
25.70
26.86
0.00
2.43
61.28
0.00
0.13
2.57
0.00
0.01
0.07
0.00
0.00
0.07
0.00
0.00
0.03

Vehicle Length (feet)
Vehicle
Classification

>55
0.00
0.00
0.00
0.00
0.00
0.36
0.21
3.60
88.19
1.89
4.48
1.05
0.21

VC 1
VC 2
VC 3
VC 4
VC 5
VC 6
VC 7
VC 8
VC 9
VC 10
VC 11
VC 12
VC 13

Functional Class 02

VC 1
VC 2
VC 3
VC 4
VC 5
VC 6
VC 7
VC 8
VC 9
VC 10
VC 11
VC 12
VC 13

<25
25-50
50-55
Distribution of Vehicles (%)
0.09
0.00
0.00
81.31
12.83
0.00
18.61
19.20
0.00
0.00
15.35
0.39
0.00
10.04
0.26
0.00
5.95
1.30
0.00
1.48
0.32
0.00
29.18
32.25
0.00
5.77
63.66
0.00
0.18
1.49
0.00
0.00
0.26
0.00
0.00
0.00
0.00
0.00
0.06

Vehicle
Classification

>55
0.00
0.00
0.00
0.00
0.00
0.12
0.08
6.18
84.01
3.94
4.05
0.68
0.96

VC 1
VC 2
VC 3
VC 4
VC 5
VC 6
VC 7
VC 8
VC 9
VC 10
VC 11
VC 12
VC 13

Vehicle Length (feet)

VC 1
VC 2
VC 3
VC 4
VC 5
VC 6
VC 7
VC 8
VC 9
VC 10
VC 11
VC 12
VC 13

<25
25-50
50-55
Distribution of Vehicles (%)
0.17
0.00
0.00
84.04
13.86
0.00
15.79
23.39
0.00
0.00
8.41
0.00
0.00
7.97
0.27
0.00
4.80
0.77
0.00
0.85
0.26
0.00
36.02
25.38
0.00
3.82
60.51
0.00
0.87
12.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.77

0.00
0.00
0.00
0.00
0.00
0.36
0.53
4.09
89.04
1.33
3.71
0.70
0.24

Vehicle Length (feet)

Functional Class 17
Vehicle
Classification

>55

Functional Class 12

Vehicle Length (feet)
Vehicle
Classification

<25
25-50
50-55
Distribution of Vehicles (%)
0.37
0.00
0.00
85.80
11.17
0.00
13.83
14.71
0.00
0.00
23.12
0.93
0.00
10.33
0.36
0.00
11.89
1.60
0.00
1.89
2.62
0.00
20.25
19.16
0.00
5.92
72.80
0.00
0.69
2.35
0.00
0.00
0.06
0.00
0.00
0.06
0.00
0.02
0.06

>55
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.20
75.59
14.89
1.94
0.05
1.34
49

<25
25-50
50-55
Distribution of Vehicles (%)
0.03
0.00
0.00
89.20
13.78
0.00
10.77
14.86
0.00
0.00
15.24
1.40
0.00
15.45
0.34
0.00
18.31
1.63
0.00
3.08
1.15
0.00
16.70
27.77
0.00
2.32
66.67
0.00
0.25
1.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

>55
0.00
0.00
0.00
0.00
0.00
0.58
0.33
11.69
79.55
2.41
5.19
0.09
0.15

